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* MACROSCOPIC PHOTOGRAPHY OF THE INTESTINE AS A DIAGNOSTIC
TOOL IN EXPERIMENTAL GASTROENTEROLOGY
Carl J. Pfeiffer, Ph.D. and Sally L. Craig
Biotechnology Division

NASA-Amés Research Center
Moffett Field, California, U.S.A.

Duriné the past fou;.years use of the dissecting microscobé
for morphologic analygis"of intestinal biopsies has been of con-
sideréble value in the characterization of normal intestinél ’
villous forﬁs, and in‘thg diagnosis of coeliac disease, idiopathic
steétorrhea, and othe; malabsorption s&ndromes, [{McCarthy et al,

l96h; Brackenbury and Stewart, 1963, Holmes et al, 1961a, 1961b].

ASuch a=techniqué has at times proven to be superior to conven-

tional histologic prodedures, gince cross sections of ridges

in the latter techniqﬁe can préduce artifacts that appear 1§ke
villi, thus hindering an evaluation of the degree of villous
atrophy Eggéé£££;;>et.al; 1963]; Howe;er, reports have not appeared
in which ;he dissecting microséopévhaé‘been’utilized routinely for
diagnosis of intestinal paﬁﬁologieslihlexpefimenfal animals.
Although intestinal villi of the laboratory rat are grossly
barely visible, conventional histolbgic techniques have been used
for many years in experimental-pafhology of the gastrointestinal
tract of the rat. Since the fét is‘CSmmonly used in gastrointes-
tinal experiments involving pyiorfé—ligation [Shay et al, 1945],
restraint [Rossi et al,‘i956, Brodie énd Hanson, ;960], drug

administrative [Segal, ;966, Pfeiffer and Gass, 1962], behavioral
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[Sawrey and Weisz, 1956, Ader et al, 1960], and other procedures,

the following experiments were conducted to determine 1, the

normal villous structure for various regions of the rat intestine,

and 2, whether ﬁacroscopic technigues- can be used for pathologic
diagnoses of the intestines of the rat.

Materials and Methods

' Thirty-nine normal male Spragﬁé~Dawley rats (150-300 g) were

sacrificed by intracranial injeciion of alcohol. The entire

intestinal tract was immediately removed and placed in warm 0.9%

.NaCl soiution. One-inch segments from the duodenum, Jjejunum,

ileum, and disﬁél colon were>diss§cted from the alimentary canal,
evertéd,‘cieanéﬁ, and photograppéd,' Cleaning of-villi was accom-
plished by éentle shdkiﬁg‘of the é§erted segment -in 0.9% NaCl;
excess debris was removed with a small forceps. The influence o
starvation on villou§ forms was studied on rats.fasted T2 hours
(wgter gg_iibitum). The influenéé»of pylorus ligation was studie
on intestinal segments from animg;s gubjected tb the standard
operation of Shéy [19h5] and sacrificed 15-1T7 hours after ligation
Photograph& was accompliéhed-ﬁith an E. Leitz Aristophot
Macro Cemera with a 4 in.'x‘s_iﬁ;fformat using a 2i-mm or 42-mm
Summar lens stofped down to the'ﬁa%imum f/stop .of 12 for depth
of field. .A long bellows extensipn was used; initial negative
magnifications were ;ppfoximately?io and 20. The specimen was
immersed in a 0:91 ﬁaCl solﬁtion'ié a.petri dish.’ The clear glass

dish allowed illumination of the specimen from both above and
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below ﬁhe level of the tiséﬁe{_‘Sinee-long exposures averaging

15 seconds were required, specimegsfﬁere weighted down by a glass
rod to.prevent floating movements;' Aiso, since iighting is
extremely critical in macrophotography at 10 to 20 magnifications,
the glass rod 1nserted through the_everted gut segment facilitated
parallel alignment of the specimen with the lens in.order to pro-
vide even lightidg. A Phoﬁovolt Meter, Model 501M, was used to
determine exposures, and Qﬁe or.e"comﬁination of two 6 volt,

8 amp. Tyoda coil filament lamps'ﬁith adjustable diaphragms were
employed. The angle of light is‘very critical, especially in-
photogfaphy of the colon; in the_bresent study the angle of light
ranged from approximately 3° beloﬁ-the petri dish to epproximately
20° above the specimen. Orthochromatic films (AnscoACommercial

Ortho) were used in most instances, with an orthochromatic film

of relatively high contrast for colon photography. Villous

dimensions were determined photomicfonometrically.

Results B f,. ; o } -
Villous forms in,dormal ratiduedenum (Fig. 1), jejunum

(Fig. é) and ileum (fig. 3) were found to be quite consistent

for corresponding regions in dlfferent rats, with an increasing .

spatulateness of villi from the duodenum to the ileum. This is

in contrast to the marked varlanee in villous forms observed in

corresponding intestinal regiodeﬁbf normal humans [Brackenbury

and Stewart, 1963; Holmes et al, 196la, 1961b], and to the
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decreasing spatulateness of humanxvillous forms from the dgodenum
toward the ileum. In general, rat duodenal, jejﬁnal, andAileal
villi resemble the "toﬁgﬁe and narrow leaf" forms characterized
by Holmes et al [1961&]; Brackenbhry and Stewart [1963], and
McCarthy et al [1964] for human tiééue; the "finger like" and
"ridéeﬁ forms described by these épthors are uncommon in the rat.
The:width of villi from varioﬁs ;égions of the normal rat small
intestine varies.from approximateiyt238-79h u, and the thickness
fro@'approximately 81-238 u. Thgzh;ight of villi is not measurable
by this method.'.NormalAcélonip tissue in the rat is void of
villi (Fig. 4), and is lined ﬁitﬁ{érater-like pits, approximately
61;91 u in diameter.. These p{ts are the openings to the crypts
of Lieberkiihn, and are essential}i invisible to the unaided eye.
During-the éourse of various;sfress iﬁpositions, (starvation,
pyloric ligatioﬁ, gastric ulcer éerfﬁration) a few macroscopic
alterations were notable in the infestinal villi. A slight
flattening of duodenal villi occg;ré@i(Fig. 5) in a pylorus-
ligﬁted rafv(approximately Lo hri:total pre- and post-surgical
fasting). fhis phenamehon vas m;}kedly exaggerated (Fig.'6) in
ratsAwhicﬁ'had been fasted for TZlhours, but not subject to
pylbrus ligatioﬂ. Ong rat, in which a rumenal ulcer perforated
following pylorus 1igation, dévelppgd a'hemorrhagic duodengl
ulcer that was grossly visible (Fig.‘T). It is noteworthy.that
1, this duodenai "stress ulcer" de;élpped in a presumably acid-

free‘ehvironmenf (due to pylorus:liggtion) and 2, villous atrophy
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was.macroscopically qpparent ad3aéeﬂt to the site of frank
hemorrhage (Fig. T). As indicatéd‘iﬁ Fig. 8, villous flattening
and narrowving were evident in tﬁe'jgjgnum following T2 hours fast-
ing; bgt were less marked thén‘iﬂiduodenalbtissue. Ulcers were
observed on one occasion in the ééign of .an untreated rat (Fig. 9).
Although the etiology of the colonié plders is not known, it is
intéresting to compafe-their morphologié similarity to chronic

human gastric ulcers [Ivy et al, 1950T. "The colonic ulcers

obsérved here in the rat and humaﬁ‘éastfic ulcers are both indurated

-

ﬁifh margins elevated by a marked proliferation of connective
tissue.
Discussion

The present photographic technique is offered as a useful

diagnostic tool for small animalstin,experimental gastroenteroloéy. '

The macroscopic analysis of villoﬁS'forms with the dissecting
microscope provides a panoramic ahd'infbrmative means of appraising
various pathologies of the inﬁesﬁihe, and constitutes a useful

adjunctive procedure for routine histologic studies. Diagnostic

criteria relate to the degree and?nature"of villous atrophy, which

appear to.be notable in the raf‘iﬁtestine following exposure to

various stressors, and resemble to a limited degree the villous

atrophy observed in human idiopathjé'steatorrhea and coeliac disease 

[McCarthy et al, 196k; Brackenbury and Stewart, 1963; Rubin et al,

1960]. Thus, the dissecting miéipsccpé may prove useful in the
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invegtigation of experimeﬁtal steator;hea, since this syndrome
can be induced in the fat [Hoet and;E&ssen, 1964]. 'The villous
atrophy observed in the present sgaryation experiments concurs
with thé reéort of Sun [1926]; whézaemonstrated shortening or
disafpearance of villi in'étarved mice, but contrasts with the
reporf,df Hooper and Blair [1958]*:w§ich indicated a normal

appearance df duodenal mucossa of starved rats.
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Figure Titles

Fig. 1.- Duodenum of normal rat. ;'uxz2

Fig. 2.- Jejunum of normel rat. ﬁéﬁe increase in broadness from
‘duodenal villi. 3 x30 “

Fig. 3}- Ileum of nérmai rat. 'barkening of central regions of
villi due to vasqulariﬁy. x50

Fig. 4.- Colon of normél rat. Note openings to crypts of Liebérkﬂhn
and small arterieé) .XSO_: . - |

Fig._S;- Duodenum qf-pyiorﬁé-ligatéd rat. Note slight flattening
of villi not apparent in normal duodenum (Fig. 1). x23

Fig. 6.- Duodénum of fasted (72 hr.) rat. Note.marked flattening
of villi.  x32 |

Fié. Tem Duodenai Vs?ress ulcer" iﬂ pylorus-ligated rat with
pérforated fumen&; ﬁlcer. Note dark centrai area (frank
_hgmorrhage) and adjacent villusiatrophyif x22

Fig. 8.- &ejunum of fasted (72 hr.) rat. x22

Fig. 9.- Ulceré in colog untreatéa.rat. Note similarity to chronic,

human gastric ulcer. - x2h




